SUMMARY
We report reversals of both carbon and hydrogen isotopic compositions in natural gases in a deep sedimentary basin (Appalachian basin, eastern USA). The isotopic and molecular compositions together with unique geochemical properties of the source organic matter allow us to seperate mixing and source contributions to the gases so that we can identify trends due to Raleigh fractionation during hydrocarbon destruction by redox reactions. Data from noble gas geochemistry and the isotope geochemistry of carbon dioxide, nitrogen, and hydrogen sulfide in the gases support our arguements. Rapid development and exploitation of shale gas and other unconventional reservoirs has begun to encounter gases with partial to complete carbon isotope reversals. Our interpretation of the origin of reversals due to destruction of higher hydrocarbons at high thermal maturities in sedimentary basins may place constraints on the potential volume of resource from these types of gas accumulations.
Carbon isotope reversals with δ 13 C methane (δ 13 C 1 ) > δ 13 C ethane (δ 13 C 2 ) > δ 13 C propane (δ 13 C 3 ) are common in thermogenic gases in deeply buried unconventional reservoirs of Paleozoic age in the northern Appalachian basin, including the Utica and Marcellus shales, the Trenton -Black River hydrothermal dolomites, and Bald Eagle, Tuscarora, and Medina tight gas sandstones. We suggest that a combination of variations in organic matter, gas mixing, and gas alteration processes in the deep subsurface all affect the isotopic composition of the individual hydrocarbon components. Progressively heavier δ 13 C 2 and δ 13 C 3 in the lower Paleozoic rocks appear driven by Rayleigh fractionation in a closed system. As methane concentration approaches 100% of the hydrocarbons, however, δ 13 D becomes lighter as δ 13 C becomes heavier suggesting reactions at temperatures at which methane and formation water can exchange hydrogen. Reactions promoting loss of higher hydrocarbons and isotopic exchange with water appear to involve partial oxidation of higher hydrocarbons in the presence of transition metal redox pairs like Fe 2+/ Fe 3+ and water at subsurface temperatures >200°C. Although at least 50% of ethane in the deep gases was lost by partial oxidation or cracking, mixing relationships indicate addition of isotopically heavy methane from a super-mature source.
The gas samples with the heaviest δ 13 C 1 also have the highest concentration of light noble gases. The noble gas compositions are at or near production ratios. Extremely high thermal maturities interpreted from the hydrocarbon isotope data are consistent with a trend of increasing 40 Arrad and decreasing 4He/ 40 Arrad in the gases. The increasing 40 Arrad correlates with a notable decrease in 20 Ne/ 36 Ar below that of the atmospheric ratio (0.52), but remains greater than that of solubility (0.19) indicating a release of heavier noble gases due to significantly high natural gas formation temperatures. The occurrence of the light noble gases in our samples are consistent with the post mature gas composition that we observe and they indicate that diffusive leakage of isotopically light methane is insignificant. Combined noble gas and hydrocarbon isotope values suggest that some of the Ordovician gases have mixed with Devonian unconventional reservoir gases, including those produced from the Marcellus Shale. 
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